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AERONAUTICAL SYMBOLS 
t. FUNDAMENTAL AND DERIVED UNITS 
Metric English 
Symbol 
Unit Symbol Unit ymbol 
Length ______ _ l 
t 
F 
meter ___________ __ ____ _ m 
s 
kg 
foot (or mile) ________ _ ft. (or mi.) 
sec. (or hr.) 
lb. 
Time _______ _ _ second __________ ____ __ _ second (or bour) ______ _ 
Force _______ _ weight of one kilogram ___ _ weight of one pound ___ _ 
Powec_ ___ ___ P kg/m/s _____ _________ - __ _ __ _ ___ __ _ horsepower __________ _ hp 
S d {km/h________________ __ k. p . h. mi./hr. ______________ _ 
pee -- ------ ----- ----- m/s __ _________________ _ m. p. s. ft./sec. ______________ _ m. p. h. f. p. s. 
2. GENERAL SYMBOLS, ETC. 
W, Weight=mg 
g, Standard acceleration of gravity = 9.80665 
m/s2 =32.1740 ft./sec.2 
m, Mass = W g 
p, D ensity (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m- 4 
S2) at 15° C. and 760 mm = 0.002378 
(lb. -ft . - 4 sec. 2). 
Specific weight of "standard" air, 1.2255 
kg/m3 =O.076511b./ft.3• 
mk2, Moment of inertia (indicate axis of the 
radius of gyration k, by proper sub-
script). 
S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span. 
e, Chord. 
b2 S' Aspect ratio. 
J1., Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. 
Dynamic (or impact) pre ure =~pV2. 
L, Lift, absolute coefficient GL = :s 
. D 
D, Drag, absolute coefficient GD = qS 
Do, 
G, 
R, 
Profile drag, absolute coefficient G Do = ~S 
Induced drag, absolute coefficient GDt = ~S 
Parasite drag, absolute coefficient GDp = ~S 
Cross-wind force, absolute coefficient 
G 
GC=qS 
Resultant fo rce. 
~!O, Angle of setting of wings (relative to 
Q, Resultant moment. 
fl, Resultant angular velocity. 
Vl 
p- ' Reynolds Number, where l is a linear 
J1. 
dimension. 
e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, at 15° C., the 
corresponding num ber is 234,000; 
or for a model of 10 cm chord 40 mis, 
the corresponding number i 274,000. 
Gp , Center of pressure coefficient (ratio of 
distance of c. p . from leading edge to 
chord length) . 
a, Angle of attack. 
E, Angle of downwash. 
a o, Angle of attack, infinite aspect ratio. 
at, Angle of attack, induced. 
aa, Angle of attack, absolute. 
thrust line). 
Angle of stabilizer 
thrust line). 
(Measured from zero lift .po ition.) 
setting (relative to l' Flight path angle. 
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SUMMARY 
The object oj thi investigation was to determine the 
effect oj increasing the carburetor pressures Jrom 30 to 
40 inches oj mercury, at compression ratios Jrom 3.5 to 
7.5, on the power, on the maximum cylinder pressures, 
on the Juel consumption, and on the 'other perJormance 
characteristics oj an engine. The tests were conducted 
on the N. A. O. A. single-cylinder universal test engine 
by the staff oj the National Advisory Oommittee Jor 
Aeronautics. A Roots-type aircraft-engine supercharger 
was used to maintain the desired carburetor pressure. 
The results oj these tests show: That the decrease in 
brake thermal efficiency with boosting is negligible; that 
the power increases with boosting much more than the 
losses to the cooling water increase; that a large increase 
in power can be obtained with comparatively small in-
crease in maximum cylinder pressures; and that it is 
advisable to supercharge an engine oj highest practicable 
compression ratio consistent with the degree oj super-
charging desired and the nondetonating quality oj the 
Juel used because the power increase will be greater, the 
exhaust gas temperatures will be lower, and the power 
required by the supercharger to maintain the ame 
pres. ure at the carburetor will be less. 
INTRODUCTION 
Increasing the engine power by increasing the com-
pres ion ratio or by increasing the pressure at the 
carburetor has been the subject of several theoretical 
investigations. (References 1 and 2.) The e investi-
gations have led to the conclusion that con iderably 
more power is developed, and the maximum cylinder 
pressures are much lower in a supercharged engine of 
low compre sion ratio than in an unsupercharged 
engine of high compression ratio. The re ult of the 
most comprehensive theoretical investigations have 
also hown that boosting when considered on an indi-
cated-hoI' epower ba is does not reduce the thermal 
efficiency. 
Many experimental data are now available on the 
effect of compression ratio on engine performance, but 
very little experimental information i available re-
garding the effect of supercharging at different com-
pression ratios. The lack of experimental information 
to verify the above-mentioned theoretical information 
and the present importance of any proposed method of 
improving aircraft-engine power caused the ational 
Advisory Oommittee for Aeronautics to conduct these 
tests . 
Performance data were obtained with compression 
ratios of 3.5,4.5,5.5,6.5, and 7.5. At the three lower 
compression ratios, performance measurements were 
obtained for carburetor pressures varying from 30 to 
42 inches of mercury absolute; at the 6.5 compression 
ratio measurements were obtained for carburetor pres-
sures varying from 30 to 40 inches of mercury absolute; 
and at the 7.5 compression ratio measurements were 
obtained for carburetor pressures varying from 30 to 
36 inches of mercury absolute. All runs were made 
at full throttle and at a constant engine speed of 1,500 
revolutions per minute. In order to eliminate the 
effect of detonation, benzol was used as a fuel for all 
conditions. 
APPARATUS AND METHOD 
The I .A.O.A. ingle-cylinder universal te t engine, 
de cribed in Technical Report o. 250 (reference 3), 
was used for these tests. This engine, of 5-inch bore 
and 7-inch stroke, has two intake and two exhau t 
valves each 2X inche in diameter and is equipped with 
a tromberg A-L5-type carburetor. The engine has 
a variable compre sion volume, rendering it particu-
larly suitable for the e tests. The valve lift and timing 
can al 0 be varied, but for these tests a lift of 0.3 inch 
and the standard Liberty ,alve timing were used. 
(Reference 4.) A special keleton-type aluminum-
alloy piston wa employed for compression ratios from 
4.5 to 7.5. Thi piston cOltld not be used for the 3.5 
compression ratio, becau e its skirt extended too far 
below the cylinder liner; therefore a standard Liberty 
engine piston wa used for this ratio. The engine wa 
directly connected to an electric dynamometer. 
A Roots-type upercharger driven by an electric 
motor supplied carburetor air at the de ired pressure. 
(Reference 5.) Two large surge tank were interposed 
in the air duct between the engine and the super-
charger: one, near the supercharger to dampen out the 
pressure pulsations from the supercharger; the other, 
close to the carburetor to prevent, as far as possible, 
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the effect of ail' pulsations from the engine. A photo-
graph of the set-up of lihe equipment is shown in Figme 
1, and a schematic drawing howing the arrangement 
of the equipment is shown in Figure 2 . 
In these tests, measurements were made of power, 
friction, fuel consumption, maximum cylinder pres-
not give very consistent results because the scales were 
not sensitive enough, it was replaced by the volume 
method, which gave satisfactory results. With the 
volume method, the time measmed was that neces-
sary for the engine to consume a volume of benzol 
weighing4 19ramsat80°F. Toobtainconsistentdata 
A - Balanced-diaphragm indicator. 
8- Far·nboro indicator. 
C - Supercharger 
FIGURE I.-Set-up of laboratory test equipment 
smes, carburetor-air temperatme and pressures, tem-
peratme and weight of the cooling water, and exhaust-
gas temperatures. 
The power developed and the friction losses were 
determined from the dynamometer scale readings and 
engine speed An electrically-controlled stop watch 
0, Sylphon 
regulating 
valve 
73.5 
c u. ft. 
b, Return 
fo tank 
c. From 
fuel 
pump 
Roofs type 
super-
~,charger 
FIGl'Rg 2.- Diagrammatic representation of air system used in boosting tests 
and two revolution counters were used to obtain the 
engine and the upercharger speeds. 
The fuel consumption dming the first part of these 
tests was determined from the time required to con-
sume 0.5 pound of benzol. A the weighing metbod did 
that could be reproduced, the following method was 
used for two different carbmetor pressme for each com-
pression ratio . Three sets of reading were obtained : 
one with the mixtme slightly richer than necessary, 
a second with approximately the eorrect mixture, and 
a third with the mixture lean enough to decrease the 
power slightly. From a plot of these data, the car-
bmetor setting that gave the maximum power with a 
lean mixtme .vas selected. Io attempt was made to 
determine the fuel consumption at the most economical 
setting. 
Maximum cylinder pressures were obtained as an 
indication of the mechanical stresses for each condition 
of operation. These pressures were arbitrarily limited 
to a maximum of 900 pounds. A balanced-diaphragm 
indicator (reference 6) was u ed for obtaining the pres-
sure measurements. Indicator cards were taken with 
a Farnboro indicator. (Reference 7.) A photo-
graphic reproduction of a card from this indicator is 
shown in Figure 3. 
A mercUl'y manometer connected to the surge tank 
near the engine was used for measuring the carbmetor 
pressures, and a mercury thermomelier located in the 
en 
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carbureLor-inlet stack wa u ed for measuring the car-
buretor-air temperatuTes. In these tests the carbu-
retor-air temperatures varied from 77 0 F. to 1030 F., 
depending on the amount of boosting. 
The heat losses to the cooling water were determined 
from measurements of the temperature of the cooling 
water going in and out of the cylinder head and barrel 
and the time required to circulate 50 pounds of water 
through each sy tern. Mercury thermometers were 
used for mea ming these temperatures. 
The exhaust-gas temperatme was measured to obtain 
an indication of the increa e in valve temperatures 
and al 0 to obtain an indication of the heat losse to 
the exhaust gase for each condition of operation. A 
base-metal thermocouple connected to a pyrometer 
was used for measurino- the exhau t-gas temperature. 
The thermoc::mple was made of 0.02-inch diameter 
wire; no attempt was made to provide it with shield-
mg. It wa located in the center of the 3-inch diame-
ter exhaust stack about 4 inch s from the exhau t 
valves. 
The spark etting was adj 1I Led for varia Lion in 
compression ratio, but wa not adju ted for variation 
in carburetor pI'es ures, becau e everal adju tment of 
the spark for changes in carburetor pre ure gave no 
measureable improvement in performance. ince it i 
nece sary to advance the spark setting to obtain opti-
mum performance when the compre ion ratio i 
increased it is reasonable to as ume that it should also 
be nece ary when the carburetor pre ure i increased, 
because of the resulting increase in compression pre -
sure. If a large range of carburetor pre sures had been 
inve tigated or if very careful measurements of the 
power at everal different spark ettings had been 
made for the maximum and the minimum carburetor 
pressures used in these test, the spark setting for 
optimum power would probably have been di covered 
to be a few degrees earlier for the minimum carburetor 
pressures than for the maximum carburetor pres u1'e. 
The in-going-watel' temperature varied from 142 0 F. 
to 1550 F. and the outgoing-water temperature from 
160 0 F. to 1700 F. The outgoino--oil temperature 
varied from 135 0 F. to 145 0 F. The oil pressure wa 
kept at about 50 pound pel' square inch. 
All engine power data obtained were corrected to a 
earblll'etol' Lemperatur of 59 0 F. In making till cor-
rection it was a umed that Lhe brake hoI' epower 
yaricd inyer ely as the square root of the ab olute 
temprratu["r . Thi correction hould be applied to the 
indicated hOI epower ; the errol' introduced in applying 
it Lo the brake hoI' epower wa mall, however, because 
the ma;..wum variation in temp rature from the stand-
ard wa only 340 F. No attempt was made to apply 
a correction for humidity. The thermal efficiency was 
computed on the ba is of 18,000 British thermal unit 
pel' pound of benzol. Because the supercharger u ed 
in the e te t was of much greater capacity than nece -
ary, measurements of its power req uiremell L were no L 
made in determining the net engine power. Instead, 
the power required by a well-designed supercharger of 
suitable size for thi ervice was computed from the 
thermodynamic relation 
n n-l 
Horsepower = C- 1P 1 Vl (r n - 1) n-
In thi relation 
PI is the supercharger intake pres ure, 
Vl is the volume of intake air per second, 
r is the pressure ratio, 
C is a con tant depending on the units u ed, 
n is the compr ssion exponent. 
A uper harger adiabatic efficiency of 70 pel' cent was 
assumed. This assumption is supported by a large 
amount of experimental data. (References 5 and .) 
RESULTS A D DISCUSSION 
The power output of an internal-combu tion engine 
depend on the amount of charge burned and the 
efficien y with which it i burned. A high thermal 
efficiency ran be obtained by operaLing at a high com-
pression ratio and a large quantity of mixture can 
be burned by using rngine 0I largc displacement or 
by using forced induction, it would seem that the 
problem of increasing the power output and the 
efficiency of an engine would be comparatively simple. 
Because the amount that the engine power can be 
increased by any of the foregoing method is limited 
by the mechanical and the heat-resisting properties of 
the materials 1.1 ed, the problem of increasing the power 
output of an engine become difficult and involved. 
The amount that the compression ratio can be in-
crea ed is limited by the difficulty of obtaining non-
detonating fuel in sufficient quantity to satisfy the 
demand. Furthermore, if the fuels were available, the 
high-explo ion pressures obtained with the high om-
pre sion ratio would be a limiting factor, These 
high pre sures increa e the tresses in the cylinders, 
bearing, crankcase, and recipro ating parts so that it 
i necessary either to increase the weight of the e part 
or to accept a r duction in engine reliability. The 
effect of compre ion ratio on the maximum cylinder 
pre sures i hown by the indicator card in Figure 4. 
Increasing the compres ion ratio from 3.5 to 7.5 
re ulted in an increa e in b. m. e. p. of only 44.7 per 
cent, while the maximum cylinder pressures increa d 
130 per cent. 
The amount that Lhe displacement oC an engine Ol' 
the pre ure at the carburetor of an engine can be 
increased withou t cooling or mechanieal difficulties 
depends a great deal upon the ingenuity of the de igner. 
Hi greate t difficulties would probably be with exce -
sive cylinder-head, barrel, and valve temperatures on 
air-cooled engines. On water-cooled engines, he would 
probably be limited less by cooling difficulties and 
more by exee ive weight of the reciprocating part . 
I 
I 
llFl<'EC'l' OF i N HEASEO CAlm UE'L'OH .PHESSUHE ON E GI E l)EIUt'OHMAN 'E 7 
In(; l'ca~illg the displacement of an engine increases its 
frontal area and thus it drag. This i particularly 
true of radial air-cooled engine. The increase in drag 
is not serious, however, becau e the displacement 
would increase in a greater ratio than the drag. The 
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sures and power 
amounL that the prc lire at the carburetor ean be 
increa cd would be limited at low compre ion ratio 
by cooling difficulties and at high compression ratios 
by the maximum cylinder pressures. 
From the foregoing discussion it i evident that in 
order to use to advantage each or all of these methods 
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for increasing the power output of an engine, t he 
de igner should know how each method alIects the 
performance characteristics and the desirable qualities 
of the engine. So far we have mentioned only the 
power output as an important quality of an aircraft 
engine; there are others such as reliability, low-weight 
horsepower ratio, and economy, that must be carefully 
considered by the designer. To obtain these desirable 
qualities or as many of them as possible without 
impairing the remainder i a problem tha thas con-
fronted engine manufacturers for the last decade. 
Effect of boosting on power, fuel consumption, and 
maximum cylinder pressure~.-Thc curves in Figures 
5, 6, and 7 show the effect of boosting on power, on 
fuel consumption, and on maximum cylinder pressures, 
respectively. The e curves show that boosting the 
carburetor pressure results in a large increa e in power, 
a comparatively small increase in maximum cylinder 
pressures, and a light decrease in fuel economy; where-
a increa ing the compression ratio results in a moder-
ate increase in power, a large inc rea e in maximum 
cylinder pre UI'(,S, and a marked improyement in 
fuel economy. The values of h . m. e. p., fuel con-
sumption, and maximum cylinder pres mes in these 
figure are given in tabulated form in Table I so that 
their interrelation may be conveniently examined and 
studied. 
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TABLE I.- EFFECT OF BOOSTING CARBURETOR PRE SURES 10 I CHES OF MERCURY 
ON JET B. M. E. P., MAXIMUM CYLINDER PRESSURES, AND ET FUEL CONSUMP-
TION AS COMPARED WITH THE JORMAL ENG! EI 
I B.m.e . p. I Maximum 
Com pression B . m.e . p. Ib ./sq. in . Increase in cylinder 
ratio Ib ./sq. in. no 10 inches b . m.e. p. pressure boost mercury lb ./sq. in. Ib ./sq. in. 
boost no boost 
3.5 100. 0 144.0 44.0 3~8 
4.5 114.0 162.0 48.0 450 
5. 5 126. 5 178.0 51. 5 562 
6_ 5 1~5. 0 I 9. 5 54.5 65r, 
7.5 143.0 199.0 50. 0 7<l2 
1'1 his table h~s been reproduced (rom curves in Fi~ures 5, 6, and 7. 
These re ult indicate that there is no combination 
of compression ratio and carburetor pressure that is 
be t for all condition , but that a comprom:ise mu t be 
made considering the purpose for which the engine i 
to be u ed. For instance, if high power output and 
reliability are more desirable than fuel eCODom. , 
slightly lower rompres ion l'aLio and higher carburetor 
pressures can be u cd ; bu 1, if c(,onomy is the impol'tan 1, 
consideration, highel' compl'e sion ratio and lower 
carburetor pre sures hould be used. With a com-
pre sion ratio of 5.5 and atmospheric pressure at the 
carburetor, the b. m. e. p. developed is 126.5 pounds 
and the maximum cylinder pressure 562 pounds; 
but, with a 4.5 compre sion ratio and 10-inch boost, 
the net b. m. e. p. is 162 pounds and the maximum 
cylinder pre ure 5 0 pound. There is very little 
difference in the mechanical stre es a indicated by 
the e maximum pressures; the net pecific fuel con-
sumption has increased approximately 12 per cent and 
the net b. m. e. p. has increa cd approximately 30 per 
cent. 
A uming that the information obtained in these 
tests is applicable to onditions where the carburetor 
pressure ranges from 45 to 125 inche of mercury and 
applying the information to these conditions a h. m. 
r. p. of 750 pound i obtaincd with a maximum cylin-
del' pressur€' of 3,000 pounds at a compre sion ratio of 
7 .. '). ~\ftel' subtracLing thr power rcquired by the 
supercharger we have a net b . m. e. p . of 615 pounds. 
The ratio of the net b. m . e. p. to the maximum cylinder 
pres me would be lower than that for the normal en-
gine. The net engine power would be increased more 
than four times, and the external dimen ions would be 
the ame except for the increa ed metal thickness nec-
e ary to withstand tbe high pI' ssure . 
Even if one hould consider that the weight. of the 
engine would increase directly with the mcrea e in 
ma:\'imum cylinder pre sure , the weight per horse-
power would not be greater than that of a normal en-
gine; but if one uses the more reasonable consideration 
that the weight would vary directly a the squar root 
of the maximum cylinder pressures, then the:weighi 
would be considerably less for the supercharged engine. 
In the case considered above the power would be in-
-- - - -
I Maximum I Increase iu cylinder maximum Fuellb./b . bp./hr. pressure Fuellb./b. hp ./hr. 
Ib ./sq . in. 10 cyliuder no boost 10 incbes mercury 
incbes mer- pressure boost 
cury boost Ib ./sq . in . 
410 72 0. 745 0.755 
580 120 .61.5 .625 
n 6 174 . 560 . 570 
875 219 . 515 . 523 
980 238 .480 . 490 
crea ed four times and the weight would be doubled. 
In addition the supercharged engine would have a 
much lower drag- a very important consideration jf 
the speed of airplane is to continue to increa e. 
In the de ign of such an engine the greatest diffi-
culties would be in carrying away the waste heat 
from tb e cylindC'l' walls clOd valv(\s and in obtaining 
11 sati , factory nondetonaLing fuel. The cylinder walls 
could probably be cooled hy the llse of an evaporative 
cooling system in which the cooling medium could be 
circulated at high velocities. piral fins could be 
u ed inside the water jacket to increase the area of 
metal in contact with the coolant and to give strength 
to the cylinder. The u e of a high-temperature-
evaporative system for cooling would permit the u e 
of small radiators, so that little, if any, of the reduction 
in engine drag would be acrificed on account of the in-
crea e in ize of the radiator. 
If poppet valves arc u cd, mean must be provided 
for cooling the valves. This cooling probably could 
be sati factorily accomplished by providing ail' ducts 
from the supercharger to the valve so that com-
pre sed air could be forced through the valvcs. For 
thi servicc a sleeve-valve motor would be more satis-
fn,ctory, because no difficulty would be experienced in 
cooling the valves and because the higher pressures at 
the end of the stroke would not increase the' load on tbr 
valve gellt· . The exha1.~st port of SUell an enginr 
would al 0 have to be larger so t hat the ga es could 
escape from the cylinder sufficiently early to prevenL 
an appreciable increase in pres ure on the cavenging 
stroke. 
To ju tify the use of superchargers, except for 
special conditions where a large power reserve i the 
important consideration; the weigbt-hor epower ratio 
and the drag of the eno-ine should be lower when 
upercharged than when unsupercharged. In some 
case, the reduction in drag on multiengine airplane 
may be large, because it may be po sible to reduce 
the number of engines that are u cd. To reduce the 
weight-horsepower ratio of an unsupercharged engine 
at altitude by supercharging or boosting is not difficult. 
At altitudes from 15,000 to 20,000 feet a reduction of 
1.5 to 2 pounds per horsepower is possible on an engine 
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deyeloping 400 horsepower at ea level. The reduc-
tion in weight per hor epo\\-er would be larger for a 
smaller- ized engine. 
To reduce, by boo ting, the weight-horsepower ratio 
of an engine operating near sea level or at very low 
altitudes is difficult unless a large amount of boosting 
is used. The weight-horsepower ratio of an engine 
developing 400 horsepower unsupercharged may be re-
duced from one-half to three-fourths pound per hoI' e-
power by boosting the carburetor pressure 10 inches of 
mercury. However, when the spccific weight of the 
upercharged engine for the above condition is compar-
cd with that of an unsuperchargecl engine of the arne 
power output, the differcnce in weight is negligible. 
T here a re specinl cases, howeve r, where the lIse of a 
fmpe]"c hargrl" is justirircl r\~en though there is no frcluc-
tion in spE'cific wright,. [n suc h casrs the superril argr l" 
FIGl'IlE Effect of boosting at different compression ralios on the heat losses to 
lhe cooling waler 
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FIGURE lO.-Effect of boosting at different compression ratios on exbaust·gas 
tern pera tures 
corresponds, in a practical sense, to an exten ion on 
the throttle, because the amount of mixtme taken in 
can be increased by increasing the pressure at the 
carburetor. TIllS case could be used advantagcou:sly 
to aid in the take-olI of heavily loaded airplanes or to 
improve the speed or climb performance of scouting 
airplanes operating at low altitudes. 
Although it is not the purpose of this reporL to eOlll-
pare from the commercial operator' point of view the 
high-compression engine with that of the supercharged 
medium-compres ion engine, a few computation were 
made to deternline which engine is the most economical 
to operate. These computations were based on many 
assumptions, on the meager data available on operating 
costs, on the little information available regarding 
reliability, life, and cost of upkeep of the two kinds 
of engines, and on the experimental duta presented in 
tills repor t on fuel consumption and power. The re-
sults of these computations how that for low and 
moderate altitudes the high-compression engine is most 
economical. For operating at high altitudes, about 
25,000 feet, the supercharged medium-compression 
engine i more economical than the normal illgh-com-
pression engine, but even for these favorable conditions 
it is questionable whether it would be equal to the high-
compression engine operating at low altitudes . 
Heat losses to the cooling water and exhaust ga sses.-
Increasing the weight of mixture burned by increasing 
the pressure at the carburetor re ults in a larger quan-
tity of heat being liberated; consequently, a greater 
quantity of heat units must he eaLTied oIr hy the cooling 
water. The resu!t.s for these tests, as shown hy thr 
curves in Figul"r R, indicate that the quantity of heal, 
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FIGURE 9.-Ratio of power to ratio oC beat losses to COOling waler 
with different degrees of boosting at different compression ratios 
that would be carried away by the cooling water in-
creases directly with the carburetor pressure for each 
compression ratio and that the heat losses to the cooling 
water decrea e con iderably with an increase in com-
pression ratio. It follows that the increase in radiator 
area will be the 'arne for tt given amount of boost 
regardle s of the compre ion ratio. However, Lhe per-
centage increa::;e ill radiator area will be higher for the 
high compression ratio, because the size of radiato l' 
Llsed on It normal illgh-compression engine would be 
smilllE'!" than that.used on a normal 10w-compressiOll 
engine. The CUlTes in Figure 9 show the percentage 
increase in radiator area necessary, at each compres ion 
ratio, for various amounts of boosting. Increasing the 
horsepower of an engine of 3.5 compression ratio 50 
per cent by supercharging results in a 20 per cent in-
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crease in losses to the cooling water; increasing the 
horsepower of an engine of 7.5 compression ratio 50 
per cent by supercharging re ults in an increase of 34 
per cent in losses to the cooling water. 
The curves in Figure 10 show the effect of boosting 
the carburetor pre ~ ure on the exhau t-ga tempera-
ture. It is interesting to note that boo ting at high 
compre ion ratio has very little effect on the exhaust-
ga temperatures, whereas boosting at low compression 
ratios result in a definite increase in the exhaust-gas 
temperature. The advantage of supercharging an 
engine of high compression ratio is apparent when one 
con iders that the intensity of the heat is more detri-
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FIGU HE 'I.- Effect of boosting at different compression ratios on mechanical 
elliciency 
mental to engine reliability than the quantity of heat. 
Con idering the high exhau t-gas temperatures, the 
low power, and the high fuel consumption one can 
safely ay that the supercharging of engines of very 
low compression ratio is impracticable. To obtain 
good performance by boosting the compression ratio 
used hould not be Ie s than 4.5. 
Mechanical efficiency and f. m. e. p.-As the f. m. 
e. p. and mechanical efficiency are more or less related 
they will be discussed together. The curves in Figure 
11 show that boosting the carburetor pressure 10 
inches of mercury results in an increase in gro s me-
chanical efficiency of about 5 per cent at the high 
compression ratios and about 7 per cent at the low 
compres ion ratios. This increa e in mechanical effi-
ciency is caused by reduced pumping 10 ses and in-
creased power output. The gross mechanical efficiency 
represents conditions when the power required to drive 
the supercharger is not con idered. The net mechani-
cal efficiency CUTve represent conditions when the 
supercharger is driven directly by the engine. J ote 
that the difference between the gross and net mechani-
Compression 'ral/o 
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FIGU RE. 12.-Effect of boosting at different compression ratios on the 
friction m. e. p. 
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F IGURE J3.-Effect of boosti ng at different compression ratios on brake 
thermal effi ciency 
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F IOURE H.- Effect of boosting at di fferent compression ratios on the 
com pression pressures 
cal efficiency decrease with an increa e in compres ion 
ratio and that the optimum net mechanical e1Iiciency 
is reached at a lower carbUTetor pressure on a low-
compression engine than on a high-compre ion engine. 
The effect of boosting on f. m. e. p. is shown by the 
CUTves in Figure 12. The reduction in friction is 
caused by higher pressures on the piston during the in-
take stroke. A lower friction was obtained with the 3.5 
compre sion ratio, because a different pi ton was used. 
-- --------
EFFECT OF L CREASED CARBURE'l'OR PRESSURE ON ENGINE PERFORMANCE 11 
Thermal efficiency.- The total compression ratio of 
a supercharged engine is equal to the product of the 
compression ratio of the supercharger and of the engine. 
Many investigators are of the opinion that the thermal 
efficiency of a supercharged engine is lower than that 
of an un upercbarged, becau e its expansion ratio is 
not equal to the total compression ratio. This does 
not seem reasonahle, because the efficiency of an engine 
depends on the expan ion ratio and not on the total 
compression ratio. As the expansion ratio remains 
the same, it is reasonable to expect that the thermal 
efficiency of a boosted engine should be affected only 
-QJ c: 
'" 
-..:l Cl. 't:J .Q G~ l . ~ ~ ~.~ ..... :t: Qj~c:: V) .... tJJ 1)) .... 00 
against which the valve mu t open when a high degree 
of boosting is used. The b. m. e. p. and the maximum 
cylinder pressure ',ralues given on the cards cOl'l'espond 
to those obtained during the run when the card wa 
taken. 
CONCLUSIONS 
1. Boosting the carburetor pressure 10 inches of 
mercury result in a net increase of 44 b. m. e. p. for 
an engine of 3.5 compression ratio and a net increa e 
of 56 b. m. e. p. for an engine of 7.5 compression ratio; 
these result indicate the desirability of boosting an 
engine of the highest practicable compression ratio 
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FIGl:RE 15.- Pressure-"olume diagrams for .e,'erol operating conditions 
to the extent that boosting eIl'ect the combu tion 
efficiency and net mecbanical efficiency. The cur es 
in Figure 13 show that boosting re ult in only a light 
decrease in net thermal efficiency. 
Compression pressures.- The compression pressure 
obtained for each compre ion ratio with different 
degrees of boo ting is shown by the curve in Figure 
14. The measurements were obtained with the 
balanced-diaphragm indicator with the engine motor-
ing at a speed of 1,500 revolutions per minute. 
Indicator cards .- The indicator card in Figure 15 
how the effect of upercharging at different c()mpre -
ion ratios on the pres ures at various point in the 
cycle. These cards are valuable becau e they help 
visualize what takes place within the cylinder. They 
801 0 how the high pres ures at the end of the stroke 
con i tent ,vith the degree of upercharging desired and 
the nondetonatinO' quality of the fuel u ed. 
2. A larg increa e in net engine power can be 
obtained by boo ting at medium compression ratio 
with very little increa e in maximum cylinder pressure 
and with only a small increa e in fuel consumption, as 
compared with operating normally at slightly higher 
com pres ion ratios. 
3. Within the limit of the e te ts tbe decrease in 
thermal fficiency with boo ting is negligible. 
4. Boo ting re ult in a percentage increa e in power 
that i larger than the percentage increase in 10 ses to 
tbe cooling water. Increa ing the power 50 pel' cen t 
increa e the 10 to the cooling water 20 per cent at a 
compre sion ratio of 3.5, while increasing the power 50 
per cent in~rea es the loss to the cooling water 34 per 
... 
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cent at a com pres ion ratio of 7.5. Tn each casp Lhe 
actual increa e in heat loss wa the same. 
5. Boo ting the carburetor pressure 10 inche of 
mercury increases the exhau t-gas temperatures about 
75° F. at a compres ion ratio of 3.5, but at a com-
pression ratio of 7.5 the increase is only about 10° F . 
6. Boosting the carburetor pres ure 10 inche of 
mercury increases the mechanical efficiency approxi-
mately 5 per cent for the high compression ratios and 
7 per cent for the low compression ratios. 
LANGLEY MEMORIAL AERO AUTICAL LABORATORY, 
ATIO AL ADVI ORY COMMITTEE FOR AERONA TICS, 
LA CoLEY FIELD, VA., May 29,1931. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel 
to axis) Linear Sym- Sym- Positive Designs.- Sym- (compo-Designation bol symbol Designation bol direction tion bol nent along Angular 
LongitudinaL_ X X rolling ___ __ L LateraL _______ Y Y pitcJ;ring ____ M 
Normal. ______ Z Z yawmg _____ N 
Absolute coefficients of moment 
L M N 
0,= qbS Om= qcS On= qbS 
axis) 
I 
y-----+ Z roll ______ .p u 
I 
p 
Z-----+ X pitch _____ tJ v q 
X-----+ Y yaw _____ 
'" 
w T 
Angle of set of control surface (relative to neu-
tral po ition), 5. (Indicate surface by proper 
sub cript.) 
4. PROPELLER SYMBOLS 
D, 
p, 
p/D, 
1~1 , 
V., 
T, 
Q, 
Diameter. 
Geometric pitch. 
Pitch ratio. 
Inflow velocity. 
Slipstream velocity. 
Thrust, absolute coefficient OT= ~D4 pn 
Torque, absolute coefficient OQ= pn~D6 
P, Power, absolute coefficient Op= fT1li· pn.l.F 
Os, peed power coefficient = ~~~:. 
1/, Efficiency. 
n, Revolutions per second, r. p. s. 
cf>, Effective helix angle = tan-1 (2:) 
5. NUMERICAL RELATIONS 
1 hp = 76.04 kg/m/s = 550 lb ./ft./sec. 
1 kg/m/s=O.01315 hp 
1 mi./hr. =0.44704 m/s 
1 m/s=2.23693 mi./hr. 
1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. =1609.35 m=5280 ft. 
1 m = 3.2808333 ft. 
